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[Title of the Invention] ACTIVE MATRIX DISPLAY DEVICE 

[Abstract ] 

[Object] To provide an active matrix display device in which 
the off -current of each of TFTs is not increased by even the 
light irradiation from the substrate side. 

[Structure] A light blocking film 17 is formed on a substrate 
11, and channel layers 12, 12 are formed over the light 
blocking film 17 through base insulating films 18 and 19. In 
addition, gate electrodes 3a and 3b are formed over the channel 
layers 12, 12 through a gate insulating film 13. In such a 
way, the manufacture of TFTs 25a and 2 5b is completed. 
[Scope of Claim for a Patent] 



pair of insulating substrates at least one of which is 
transparent; channel layers which are formed over the 
transparent substrate; gate electrodes which are formed over 
said channel layers through a gate insulating film; and a 
source electrode and a drain electrode which are connected to 



[Claim 1] An active matrix display device having: a 




said channel layers, said active matrix display device being 
characterized in that a light blocking film underlies said 
channel layer through an insulating film. 

[Claim 2] An active matrix display device according to 
claim 1, further comprising a source bus wiring which is 
connected to said source electrode, wherein said light blocking 
film underlies said source bus wiring through said insulating 
film. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Utilization] The present invention 
relates to an active matrix display device which has thin film 
transistors (hereinafter, referred to as "TFTs" for short, when 
applicable) as switching elements and which employs a display 
medium such as liquid crystal. 

[0002] 

[Prior Art] A schematic view of a basic configuration 
of a conventional active matrix display device is shown in Fig. 
3 . This display device has the structure in which a driving 
circuit and a TFT array are formed on the same substrate . A 
gate driving circuit 54, a source driving circuit 55 and a TFT 
array portion 53 are formed on an insulating substrate 11. A 
large number of parallel gate bus wirings 1 extending from the 
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gate driving circuit 54 are provided in the TFT array portion 
53. A large number of source bus wirings 2 extend from the 
source driving circuit 55 and are distributed in such a way as 
to intersect perpendicularly the gate bus wirings 1 . In 
addition, additional capacity wirings 6 are distributed in such 
a way as to be parallel to the gate bus wirings 1 . 

[0003] A TFT 25, a pixel 57 and an additional capacitor 
27 are provided in the rectangular area which is surrounded by 
the source bus wirings 2 , 2 , the gate bus wiring 1 and the 
additional capacitor wiring 6. A gate electrode of the TFT 25 
is connected to the gate bus wiring 1 and a source electrode 
thereof is connected to the source bus wiring 2. The space 
defined between a pixel electrode which is connected to a drain 
electrode of the TFT 25 and a counter electrode of a counter 
substrate is filled with liquid crystal to form the pixel 57. 
The pixel 57 is electrically equal to the capacitor and has the 
function of holding the signal which has been written to the 
pixel 57. In addition, the additional capacitor 27 for holding 
the video signal which has been written to the pixel 57 is 
formed between the drain electrode of the TFT 25 and the 
additional capacitor wiring 6 . The additional capacitor wiring 
6 is connected to the electrode which is at the same electric 
potential as that of the counter electrode constituting the 
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pixel 57. 

[0004] An enlarged plan view of the pixel portion of 
the active matrix substrate constituting the display device of 
Fig, 3 is shown in Fig. 4. A cross sectional view taken on the 
lines B - B of Fig. 4 is shown in Fig. 5. As shown in Fig. 4, 
a polycrystalline silicon thin film 30 having substantially the 
L-like shape is formed on a transparent substrate 11, and a 
gate insulating film 13 is formed on the polycrystalline 
silicon thin film 30. In this connection, if necessary, the 
polycrystalline silicon thin film 30 is subjected to the 
crystallinity improving treatment such as the annealing. A 
lower electrode 5 for the capacitor is formed by doping the 
polycrystalline silicon thin film 30 with the predetermined 
impurity ions by utilizing the ion implantation method. 

[0005] A gate bus wiring 1, gate electrodes 3a and 3b, 
and the additional capacitor wiring 6 each of which is made of 
polycrystalline silicon are formed on the gate insulating film 
13. A part of the gate bus wiring 1 functions as the gate 
electrode 3a. The additional capacitor wiring 6 has, as shown 
in Fig. 4, a wide portion 6a and a branching portion 6b which 
branches towards the gate electrodes 3a and 3b. An additional 
capacitor 2 7 is formed in the overlapping portion of the 
additional capacitor wiring 6, the wide portion 6a and 
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branching portion 6b thereof and the above-mentioned 
polycrystalline silicon film 30. As a result, the additional 
capacitor 27 has also the L-like shape. The impurity ions are 
implanted into the portion other than the portion which becomes 
channel layers 12, 12 underlying the gate electrodes 3a and 3b 
with the gate electrodes 3a and 3b as a mask by utilizing the 
ion implantation method. As a result, a source region and a 
drain region of the TFTs 25a and 25b, and the channel layers 
12, 12 are formed in the self-alinged manner. In this 
connection, in this display device, the TFT 25 consists of the 
two TFTs 25a and 25b. 

[0006] An interlayer insulating film 14 is formed over 
the gate bus wiring 1, the gate electrodes 3a and 3b, and the 
additional capacitor wiring 6 . Two contact holes 7a and 7b are 
formed through the interlayer insulating film 14 as shown in 
Fig. 5. The source bus wiring 2 and a pixel connection 
electrode 9 are formed on the interlayer insulating film 14. 
The source bus wiring 2 has, as shown in Fig. 4, the zigzag 
shape and a source projecting portion 2a is provided in the 
portion corresponding to the upper portion on the left-hand 
side in the figure of the source bus wiring 2. The source 
projecting portion 2a is connected to the source region of the 
TFT 25a through the contact hole 7a. A pixel connection 



electrode 9 is connected to the drain region of the TFT 25b 
through the contact hole 7b. In addition, the whole surface of 
the source bus wiring 2 and the pixel connection electrode 9 is 
covered with an insulating layer 16 through which a contact 
hole 7c is formed. Also, the pattern of the pixel electrode 4 
made of ITO is formed on the insulating layer 16. The pixel 
electrode 4 is connected to the pixel connection electrode 9 
through the contact hole 7c. The pixel electrode 4 overlies, 
as shown in Fig. 4, the side portion of the gate bus wiring 1, 
the source bus wiring 2 and the additional capacitor wiring 6 
and also overlies the wide portion 6a and the branching portion 
6b of the additional capacitor wiring 6. 
[0007] 

[Problems to be Solved by the Invention] In this active 
matrix substrate, the channel layers 12, 12 of the TFT 25 is 
formed on the substrate 11 side, and the gate electrodes 3a and 
3b are formed in such a way as to overlie the channel layers 
12, 12. For this reason, when the light is made incident from 
the substrate 11 side, the light is directly made incident to 
the channel layers 12, 12 of the TFT 25. As a result, the 
carriers are generated in the channel layers 12, 12 due to the 
optical excitation so that the off -current when the TFT 25 is 
in the off state is increased. If the off -current is 



increased, then the threshold voltage V th is also increased and 
hence the problem occurs in the reliability. 

[0008] In the light of the foregoing, the present 
invention was made in order to solve the above-mentioned 
problems associated with the prior art, and it is therefore an 
object of the present invention to provide an active matrix 
display device in which the off -current of the TFT is not 
increased by even the light irradiation from the substrate 
side . 

[0009] 

[Means for Solving the Problems] In order to attain the 
above-mentioned object, according to one aspect of the present 
invention, there is provided an active matrix display device 
having: a pair of insulating substrates at least one of which 
is transparent; channel layers which are formed over the 
transparent substrate; gate electrodes which are formed over 
the channel layers through a gate insulating film; and a source 
electrode and a drain electrode which are connected to the 
channel layers, wherein a light blocking film underlies the 
channel layer through an insulating film. 

[0010] In addition, according to another aspect of the 
present invention, there is provided an active matrix display 
device further including a source bus wiring which is connected 




to the source electrode, wherein the light blocking film 
underlies the source bus wiring through the insulating film. 
[0011] 

[Embodiment] An embodiment of the present invention 
will hereinafter be described in detail with reference to the 
accompanying drawings. Fig. 1 is a plan view showing the 
structure of an active matrix substrate constituting an active 
matrix display device of the present invention. Fig. 2 is a 
cross sectional view taken on the lines A - A of Fig. 1. The 
present embodiment will hereinbelow be described by following 
the manufacture process. Cr metal is deposited on the whole 
surface of a transparent insulating substrate 11 made of glass 
or quartz crystal in such a way as to have the thickness of 100 
nm, to pattern the Cr metal layer, thereby forming a light 
blocking film 17. For the light blocking film 17, any of 
metals may be employed as long as its melting point is higher 
than 950°C as the highest temperature of the process, and hence 
metal may be, in addition to Cr, employed such as Ta, Ti, Nb or 
Mo. Then, a first base insulating film 18 made of SiN x is 
deposited on the whole surface of the light blocking film 17 on 
the substrate 11 in such a way as to have the thickness of 50 
nm, and further a second base insulating film 19 made of Si0 2 
is deposited thereover in such a way as to have the thickness 
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of 500 nm. At this time, the flattening process such as the 
reflow process may also be applied thereto. In this case, BPSG 
(BoroPhospho- Silicate Glass: Si0 2 the melting point of which is 
decreased by containing therein B and P) is formed on the whole 
surface of the substrate 11 partially covered with the light 
blocking film 17 in such a way as to have the thickness of 500 
nm to carry out the reflow process and further an Si0 2 layer is 
deposited thereon in such a way as to have the thickness of 200 
nm. 

[0012] Now, a polycrystalline silicon thin film 30 
having substantially the L-like shape as shown in Fig. 1 is 
formed on the second base insulating film 19 and then a gate 
insulating film 13 is formed on the polycrystalline silicon 
thin film 30. In this connection, if necessary, the 
polycrystalline silicon thin film 30 is subjected to the 
crystallinity improving process such as the annealing. In 
addition, the width of the above-mentioned projecting portion 
of the light blocking film 17 for the portion becoming the 
channel layers 12, 12 after completion of the formation of the 
polycrystalline silicon thin film 30 is preferably equal to or 
larger than 0.5 //m. If this width is smaller than 0.5 jum, then 
the light which has been made incident to the substrate will 
reach the channel layer 12. This is unpref erable . A lower 
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electrode 5 for the capacitor is formed by doping the 
polycrystalline silicon thin film 30 with the impurity ions by 
utilizing the ion implantation method. 

[0013] A gate bus wiring 1, gate electrodes 3a and 3b, 
and an additional capacitor wiring 6 each of which is made of 
n" type or p" type polycrystalline silicon are formed on the 
gate insulating film 13. A part of the gate bus wiring 1 
functions as the gate electrode 3a. The additional capacitor 
wiring 6 has, as shown in Fig. 1, a wide portion 6a and a 
branching portion 6b which branches towards the gate electrodes 
3a and 3b. An additional capacitor 27 is formed in the 
overlapping portion of a part of the additional capacitor 
wiring 6, the wide portion 6a and the branching portion 6b, and 
the above-mentioned polycrystalline silicon thin film 30. As a 
result, the additional capacity 27 has also the L-like shape. 
Then, the impurity ions are implanted into the portion other 
than the portion becoming the channel layers 12, 12 underlying 
the gate electrodes 3a and 3b with the gate electrodes 3a and 
3b as a mask by utilizing the ion implantation method. As a 
result , the source region and the drain region and the channel 
layers 12, 12 of the TFTs 25a and 25b are formed in the 
self -aligned manner. In this connection, in the display device 
of the present embodiment as well, the TFT 25 consists of the 
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two TFTs 25a and 25b, 

[0014] An interlayer insulating film 14 is formed over 
the gate bus wiring 1, the gate electrodes 3a and 3b, and the 
additional capacitor wiring 6. Contact holes 7a and 7b are, as 
shown in Fig, 2, formed through the interlayer insulating film 
14, A source bus wiring 2 and a pixel connection electrode 9 
each of which is made of low-resistance metal such as Al are 
formed over the interlayer insulating film 14. The source bus 
wiring 2 has, as shown in Fig. 1, the zigzag shape, and a 
source projecting portion 2a is provided in the portion 
corresponding to the upper portion on the left-hand side in the 
figure of the source bus wiring 2. The source projecting 
portion 2a is connected to the source region of the TFT 25a 
through the contact hole 7a. The pixel connection electrode 9 
is connected to the drain region of the TFT 2 5b through the 
contact hole 7b. In addition, an insulating layer 16 made of 
SiN x is formed on the whole surface of the source bus wiring 2 
and the pixel connection electrode 9, and a contact hole 7c is 
formed through the insulating layer 16. In addition, the 
patterning of a pixel electrode 4 made of ITO is formed on the 
insulating layer 16. The pixel electrode 4 is connected to the 
pixel connection electrode 9 through the contact hole 7c. The 
pixel electrode 4 overlies, as shown in Fig. 1, the side 
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portion of the gate bus wiring 1, the source bus wiring 2 and 
the additional capacity wiring 6 and also overlies the wide 
portion 6a and the branching portion 6b of the additional 
capacitor wiring 6. In this connection, after completion of 
the formation of the interlayer insulating film 14, at any time 
point , the hydrogen plasma treatment may be carried out 
therefor. 

[0015] Since in the present embodiment, the light which 
has been made incident from the substrate 11 side is blocked by 
the light blocking film 17, the light is not made incident to 
the channel layers 12, 12 of the TFT 25 at all. As a result, 
the generation of the carriers due to the optical excitation is 
suppressed. 

[0016] While in the present embodiment, the light 
blocking film 17 is formed in such a way as to overlap with 
only the channel layers 12, 12 of the TFT 25, in addition 
thereto, the light blocking film 17 may also be formed in such 
a way as to overlap with the source bus wiring 2 and the gate 
bus wiring 1. In this case, it is also possible to prevent the 
leakage light due to the turbulence of the orientation of the 
liquid crystal molecules which are located in the position, in 
which no electric field is formed, other than the pixel 
electrode 4 . 
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[0017] 

[Effects of the Invention] As set forth hereinabove , 
according to an active matrix display device of the present 
invention, since the generation of the carriers due to the 
optical excitation in channel layers of a TFT is suppressed, 
the off -current of the TFT is not increased by even the light 
irradiation from the substrate side at all. Therefore, the 
active matrix display device of the present invention has the 
high reliability. 

[Brief Description of Drawings] 

[Fig. 1] A plane view showing the structure of an 
active matrix substrate constituting one embodiment of an 
active matrix display device of the present invention. 

[Fig. 2] A cross sectional view taken on the line A - A 
of Fig. 1. 

[Fig. 3] A circuit diagram showing schematically a 
basic configuration of a conventional active matrix display 
device . 

[Fig. 4] A plane view showing the structure of an 
active matrix substrate constituting the display device shown 
in Fig. 3. 

[Fig. 5] A cross sectional view taken on the line B - B 
of Fig. 4. 
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[Description of Reference Numerals] 

1: gate bus wiring, 2: source bus wiring, 2a: source 
projecting portion, 3a, 3b: gate electrode, 4: pixel electrode, 
6: additional capacity wiring, 6a: wide portion, 6b: branching 
portion, 7a, 7b, 7c : contact hole, 9: pixel connection 
electrode, 11: transparent insulating substrate, 12: channel 
layer, 13: gate insulating film, 14: interlayer insulating 
film, 16: insulating layer, 17: light blocking layer, 18: first 
base insulating film, 19: second base insulating film, 25: TFT, 
27: additional capacitor, 30: polycrystalline silicon thin 
film. 
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